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ABSTRACT
This is a final report describing the design and development of a receiving-type, high-
gain transportable antenna for the 600 to 6000 mc frequency range. The antenna consists of
a 4-foot "breakdown type' parabolic reflector fed with a log periodic feed. The contents of
the instruction book for this antenna which gives a parts list, assembly instructions and

electrical performance data is included as appendix I of this report.
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RECEIVING DISH ANTENNA

FOR THE 600 TO 6000 MC RANGE

1. INTRODUCTION

This antenna was designed and fabricated to meet the requirements for a receiving-type,

high-gain transportable antenna to cover the 600 - 6000 mc range.

Following is a summary of the desired electrical and mechanical specifications of this

antenna.

Electrical requirements:

(1) The gain of the antenna should be approximately 15 db/dipole at 600 mc and 34
db/dipole at 6000 mc.

(2) The side-lobe level should be 10 db or more below the magnitude of the main beam.

. (3) The antenna should be matched to an unbalanced 50-ohm transmission line with a
VSWR no greater than 3:1 in the line.

(4) It should be possible to select readily either vertical or horizontal polarization.

Mechanical requirements:

(1) In order to facilitate transportability, the construction should be such that the
antenna could be readily assembled, disassembled and packed in several small
boxes.

(2) The assembled antenna should fit into a certain confined volume.

(3) An azimuth indicator should be provided, but no elevation adjustment was required.

(4) The antenna was not to be weatherized for outside use.

2. THE 600 - 6000 MC ANTENNA

Following is a brief description of the antenna which was designed and fabricated to

| meet the above requirements.
‘ ‘ A 4-foot parabolic reflector having an f/d ratio of . 5 was used in conjunction with a log

periodic primary feed. A detailed discussion of the feed will be given later.
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To be able to pack the reflector in a relatively small container, it was necessary to
. use a "breakdown type' construction. A 4-foot spun-aluminum reflector was cut into 9 parts
consisting of a spun-aluminum center and 8 identical outer segments, as shown in figures 1
and 2 (appendix I). These 9 parts are held together by the mounting ring assembly and dish
support arms. When the dish has been properly assembled, the deviation in the parabolic
contour is less than +1/8 inch, which is approximately 1/16 wavelength at the highest
operating frequency of 6000 mc.

The mounting ring assembly is attached to a vertical mast with two clamps. These
clamps also permit the reflector to turn about the vertical mast for an azimuth adjustment of
360 degrees. The height of the center of the reflector can be adjusted from approximately
2 to 6 feet by sliding the clamps up and down the vertical mast. A collapsible quadripod

assembly rigidly supports the vertical mast.

Four bakelite feed supports and an aluminum spider assembly holds the log periodic
primary feed pyramid in front of the reflector (figure 1).

The transmission line furnished with each antenna consists of a 30-foot length of
‘ Prodelin Incorporated Spiroline, 3/8-inch, 50-ohm, polyethylene-jacketed coax cable
(military number RG-260/U) having an attenuation of approximately 8 db/100 foot at 6000
me. This coax cable is attached to the feed pyramid as shown in figure 11 (appendix I).

The disassembled antenna is shown in 3 aluminum bo;ces in figure 3 (appendix I).
3. PRIMARY FEED DESIGN

Prior to the beginning of this project the practicability of a new concept in extremely
broadband antennas known as the logarithmically periodic antenna structure had been
established. The general pattern and impedance characteristics of various antenna con-
figurations utilizing the log periodic principle, such as linearly polarized omnidirectional,
bidirectional and unidirectional structures; circularly polarized bidirectional and unidirectional
structures; and unidirectional linearly polarized high gain arrays had been
1,2,3,4

‘ investigated. From this general investigation and from a later more extensive

investigation to optimize the design parameters of the wire, linearly polarized, unidirectional
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structure, it became apparent that some of these unidirectional structures had the necessary
‘ pattern characteristics to make excellent primary feeds for reflector or lens type antennas.

To design a primary feed for a reflector, it is necessary to know the phase center
location and behavior with frequency and the amount of aperture blocking caused by the
feed as well as the usual pattern and impedance characteristics.

In the course of this and another similar project, a general investigation was performed
to gain a knowledge of the above-mentioned characteristics as a function of the design
parameters of trapezoidal-tooth, sheet, log periodic structures. The results of this
investigation were given in a previous report. Included in that report are curves of beam-
width, impedance, and phase center location of the sheet, log periodic structure as a
function of the design parameters o,y , 3, and r. Also given over a 600 to 6,000 mc
range are the radiation patterns, gain, beamwidth, and impedance of a 4-foot dish antenna
utilizing a log periodic primary feed having design parameters a= 60,% = 45, 8 = 10°
and T = ,707.

The sheet-type structure was used in the investigations and for the final feed design
because a higher degree of accuracy in the modeling techniques could be achieved. All the
structures were chemical milled from 1/32-inch thick brass sheet.

The final design of the log periodic primary feed for the 4-foot reflector consisted of
a basic log periodic structure (design parameters o= 60°y =45° g = 10°and 7 =,707).
lock foamed in an epoxy-impregnated fiberglass, pyramidal shell having base dimensions
of 11 by 7-3/4 inches and a height of 10-1/2 inches. To get a conventional unbalanced 50-
ohm input to the feed, the appraximately 160-ohm, balanced, average input impedance of the
log periodic structure was transformed to an unbalanced 50 ohms by the use of a tapered
line balun.

The broken curve in figure 6 (appendix I) shows the free space input VSWR of the log
periodic primary feed as a function of frequency over its operating range of 600 to 6,000 mc.
‘ As can be seen, the input VSWR is less than 2:1 over more than 50% of the frequency range

and has a maximum value of 2.7 to 1 at 5,400 mec.
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4. FINAL ANTENNA PERFORMANCE

. Test data taken on the antenna is summarized and presented in figures 4 through 9
(appendix I). Figure 4 is a plot of E~ and H-plane beamwidths as a function of frequency.
The E-plane beamwidth varies from approximately 23 degrees at 600 mc to 3 degrees at
6,000 mc while the H-plane beamwidth varies from approximately 23. 5 degrees to 3 degrees
over the same frequency range.

Figure 5 compares the measured gain of the antenna with the theoretical maximum gain
of a uniformly illuminated aperture. The gain measurements were made by comparing the
gain of the system with standard gain electromagnetic horns. It was not feasible to measure
the gain of the system from 600 to 1,000 mc because no standard gain antennas were available.
As can be seen from the figure, the actual gain is less than the theoretical by about 2 db on an
average which results in an approximate, practical realizable gain factor of 0. 65. The solid
curve of figure 9 is a plot of the input VSWR as a function of frequency for the 4-foot antenna.

' The VSWR is less than 3 to 1 except at three very narrow points where the maximum VSWR
is 3.4 to 1.

Figures 7 through 9 are representative log plot E- and H-plane patterns of the 4-foot
antenna. At 600 mc, the side-lobe level is a maximum of approximately -10 db.
5. CONCLUSION

The design of this high-gain, transportable antenna system satisfies the desired specifi-
cation requirements with the following exception: The maximum input VSWR is greater than
3:1 in 3 very narrow frequency bands, as pointed out in a previous section.

It is felt that the design of this antenna, which included a general investigation of the
log periodic structure as a primary feed, has extended the state-of-the-art in the design of
extremely broadband reflector-type antennas as well és proved the feasibility of constructing

such an antenna so that it is readily transportable.
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® INSTRUCTION BOOK

RECEIVING
DISH ANTENNA

600 TO 6000 MC

523 0014 00
- 15 JUNE 1959

¥ PRINTED IN THE UNITED STATES OF AMERICA

‘ 1.1 GENERAL.

The Receiving Dish Antenna shown in figures 1 and 2 is a lightweight, quickly erected, high
gain antenna in the 600- to 6000-mc frequency range. It is directional and can be either
vertically or horizontally polarized as desired.

The antenna structure consists of three main subassemblies.

a. the base assembly, which consists of the portable folding base section and support mast;

b. the dish assembly, consisting of a center dish section and eight dish support arms;

c. and the feed support assembly, consisting of the four support legs, spider, and loga-
rithmic periodic feed pyramid.

The electrical characteristics of the antenna are shown in the charts included. These show
the beamwidth of the antenna as a function of frequency (figure 4), the gain in db over a
reference dipole (figure 5), the vswr as a function of frequency (figure 6), and the radiation

patterns of the antenna (figures 7, 8, and 9).
2.1 ASSEMBLY INSTRUCTIONS.

Refer to figure 11, the assembly drawing of the antenna, and to figure 10, a simple exploded
view of the antenna, as an aid to assembly.

a. Unfold the base and tighten sockethead screws.
b. Stack the four mast sections onto the base.

c. Attach cable extension to the end of the cable assembly.

d. Fasten the end plate, washer, and 1/2 x 13 hex nut to the cable extension.

Declassified in Part - Sanitized Copy Approved for Release 2012/07/12 : CIA-RDP78-03424A002100020026-0



Declassified in Part - Sanitized Copy Approved for Release 2012/07/12 : CIA-RDP78-03424A002100020026-0

Receiving Dish Antenna
600 to 6000 Mc

Figure 1. Receiving Dish Antenna, Front View
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Receiving Dish Antenna
600 to 6000 Mc

Figure 2. Receiving Dish Antenna, Rear View
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Receiving Dish Antenna
600 to 6000 Mc_

e. Thread the cable from top to bottom of the stacked mast sections. N
f. Attach cable pin to the bottom of the cable after cable is threaded down mast. ©
g. Tighten hex nut on cable end plate until mast reaches desired tension.

h. Attach engraved azimuth ring to mast.

2.2 DISH ASSEMBLY.

a. Place spacer rod on flat surface with small end up.

b. Turn center dish over spacer, concave side down.

c. Attach the eight dish segments to the center dish section w1th 10-32 x 1/ 2 flat head
‘screws and 10-32 captive nuts.

d. Lay the mounting ring on the center dish section with the flat side up.

e. Attach the eight dish support arms to the dish sections, using 10-32 x 1/2 flat head
screws on the dish center, and 10-32 x 1/2 round head screws on the dish rim.
- f. Fasten the eight dish support arms to the center ring using 10-32 x 1/ 2 round head
screws, washers, and 10-32 hex nuts. ‘ :

2.3 FEED SUPPORT ASSEMBLY.

a. Assemble spider and four feed support tubes.
- b. Mount the feed support assembly to the dish with support legs attached 45 degrees from
center line of mast clamps. Use one 1/4 x 20 x 5/8 bolt per support leg at this time to attach
support legs to dish rim.
- ¢. Mount the logarithmic periodic feed pyramid.

CAUTION

Fiberglas case on feed pyramid is fragile; handle with care. : O

d. Adjust the support legs as necessary to insure 22-13/16 inches spacing from the point
of the feed pyramid to the center of the dish, keeping all legs equal length to insure proper
alignment of the feed pyramid.

e. Attach and tighten the remainder of the 1/4 x 20 x 5/8 bolts to the support legs and a
1/4-inch lock washer, and 1/4 x 20 hex nut.

f. Secure the feed pyramid to the spider, noting the instructions stencﬂed on the feed.
.Turn either for vertical or horizontal polarization as desired.

g. Slide the dish onto mast and tighten mast rings.

- h. Connect the right angle fitting of the short coaxial jumper to the pyramid feed point.

i. Connect the 30-ft piece of semiflexible coaxial feed line to the other end of the short
coaxial jumper and clip the semiflexible feed line to a lower support leg with two clamps.

CAUTION
Do not kink or sharply bend the semiflexible coaxial line. Be extremely
careful in shaping this line to avoid damage. Minimum bend radius is v
six inches.

3.1 MAINTENANCE AND PACKING.

Since aluminum is the basic structural material, the antenna needs no routine maintenance
beyond normal concern for wear of parts; however, care should be exercised in handling. @

4
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600 to 6000 Mc

@ NUMBER BOX . MFR'S SKETCH NO.
Box 1
1 Mounting ring assy. no number
1 Spacer rod 4046 B 208
4 Mast sections 4046 B 120
8 Dish support arms 4046 B 102
1 Center dish 4046 E 198
8 Dish segments 4046 E 196
Box 2
1 Base assembly no number
1 Index ring no number
1 Mast cable assy. 4046 B 125
1 Cable pin | 4046 B 126
1 End plate l 4046 B 123
o 1 Cable extens1on 4046 B 124
- 1 Nut, 1/2-13 | 313 1028 00
| 1 1/2 in flat washer 310 0485 00"
‘ 1 Tool kit 4046 A 212
Box 3
@‘ 1 Cable Assy. 4046 A 209
1 Coaxial line spool 4020 A 92
1 Coaxial line jumper assy. 4046 A 207
2 Coaxial line clamps 4046 B 211
1 Logarithmic periodic feed pyramld 4020 D 352
1 Spider 4046 A 200
1 Nut, 5/16 - 18 313 0033 00
8 Feed leg 4046 B 186
4 Feed support base 4046 C-176
| 4 Nut, 1/2 - 13 313 1028 00
‘ 4 Washer 1/2 flat. no number
1 Packaged hardware no number

tf\

The antenna can be transported in three metal boxes which are packed as shown in figure 3.

-
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600 to 6000 Mc

BOX ! BOX 2 BOX 3

Figure 3. Antenna Packed in Transportable Metal Boxes
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Figure 4. Beamwidth of Antenna as a Function of Frequency '
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Figure 7. Radiation Patterns, 600 and 950 Mc
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Figure 8. Radiation Patterns, 1500 and 2400 Mc
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Receiving Dish Antenna
600 to 6000 Mc

Exploded View
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Receiving Dish Antenna
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Figure 11. Assembly Drawing
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LOG PERIODIC FEEDS FOR LENS AND REFLECTORS

R. H. DuHamel and F. R. Ore
Collins Radio Company
Cedar Rapids, Iowa

Abstract

The application of unidirectional log periodic
antennas as feeds for lens or reflectors to cover 10:1
or 20:1 bandwidths is described. Information on the
primary patterns, phase center variation, input
impedance, and aperture blocking of trapezoidal-
tooth sheet structures is given so as to allow the
design of feeds for a variety of lens and reflectors.
Final results of pattern, gain and impedance measure-
ments on a four-foot dish over the frequency range of
600 to 6000 mc are presented and a discussion of the
slight sacrifice in gain to achieve this bandwidth is
given,

Introduction

There are many applications in the communi-
cations, search, and ECM fields where it is quite
desirable to have a high-gain antenna which will work
over an extremely wide frequency range. Lens or
reflector type antennas are often used, but their
bandwidths have been limited by the primary feed.
Ideally, the radiation pattern and input impedance of
the primary radiator should be independent of
frequency. The bandwidths of previous primary
radiators have usually been on the order of 2 Qr 2’5:1.
However, the recent discovery of log periodic™’ 4’ 3,4
and angular® antennas with essentially frequency-
independent operation over bandwidths of 10 or 20:1
provides the basis for new wide-band primary radiators.

This paper presents results of an investigation of the
problems involved in the application of unidirectional
log periodic feeds to reflector-type antennas.
Sufficient information on the primary patterns, phase
center, input impedance and aperture blocking of
sheet trapezoidal-tooth log periodic structures is
given to allow the antenna engineer to design feeds for
a variety of lens and reflectors. Experimental
results are given for a four-foot dish operating over
the frequency range of 600 to 6000 mec.

- Log Periodic Feed

Figure 1 is a sketch of a sheet trapezoidal-tooth
log periodic antenna which will be considered in this
paper as a feed. The angles @ , 8, and { define
the extremities of the teeth, the tooth support section
and the angle between the two half structures,
respectively. The design ratio T is defined as

R_WR'J_ The ratio o is set equal to +/T . Since
N

these antennas have been described previously, only
a brief description of them will be given here.

The geometry of this type of structure is chosen
so that the electrical properties must repeat periodically
with the logarithm of the frequency. If the variation
over one period is small, it is therefore small for all
periods and the result is an extremely wide-band
antenna. A period of frequency is defined by the
range from 7t ftof. The antenna produces a

DIRECTION OF BEAM

Figure 1. Trapezoidal-Tooth Log Periodic Structure
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unidirectional, horizontally polarized beam pointing
in the direction which the structure points. The two
halves of the antenna are fed against each other
either with a balanced line running between the two
halves or an unbalanced line running along the center
line of one half structure. The low-frequency cutoff
occurs approximately when the longest tooth is 1/4
wavelength long and the high-frequency cutoff occurs
when the shortest tooth is somewhat less than 1/4
wavelength long. The E- and H~plane patterns are
the patterns in the xy and yz planes respectively. It is
relatively easy to design these antennas to operate
over 10:1 or greater bandwidths with essentially
frequency-independent radiation patterns and input
impedance.

General Feed Requirements

Obviously, for a very wide frequency range, the
electrical characteristics of the feed should be
esgentially independent of frequency. The important
electrical characteristics are the feed radiation
pattern, input impedance, phase center, and the
aperture blocking. The radiation patterns should be
unidirectional and should have E-plane and H-plane
beamwidths which give optimum gain for a given dish.
These beamwidths will depend upon the shape of the
dish, the F/D ratio and the desired illumination taper.

The requirements on the input impedance would
depend upon the application, but in general, it may be
said that the vswr should be at least less than 3:1. Of
course, for radar applications, the vswr should be
much less than this.

It is desirable that the feed look like a point source.

Some feeds do not exhibit this property since the
phase of the radiation pattern exhibits a complex be-
havior with radiation angle. The term point source

200 !
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Figure 2. Plot of Angle & Subtended by a Parabolic
Reflector Vs the F/D Ratio

cone is used to define the cone of radiation over which
the feed behaves as a point source. In the text, the
term 'phase center" will also be used to refer to the
equivalent point source. It is desirable that the E~
plane and H-plane phase centers coincide.

Aperture blocking due to the feed can lead to
increased secondary pattern side lobes and beamwidths.
For extreme bandwidth applications using log periodic
feeds, this can become a serious problem since the feed
is many times the required size at the high end of the
frequency range.

The ability of log periodic feeds to satisfy these
feed requirements will be discussed in the following
paragraphs.

Pattern Characteristics

Figure 2 is a curve of the angle, 8 , subtended by
a parabolic reflector as a function of the F/D ratio. In
rorderto obtain high gain and low side lobes with a
dish antenna, it is desirable to taper the aperture
illumination. The optimum amount of taper® is a
rather insensitive function of the F/Dratio withan
average value of about 9 to 10 db. Thus, for most cases,
figure 2 can be used directly to determine the desired
10-db beamwidth of a feed for a given F/D ratio.

Sample voltage patterns of a trapezoidal -tooth log
periodic antenna are given in figure 3 over a 10:1

H-~ PLANE
7

X =60°
Y =45°
A =10°
r =707

£ =600

£ =2025

£ =5950

Figure 3. Patterns of a Logarithmically Periodic
Feed Over a 10:1 Frequency Range
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frequency range. These demonstrate the small variation

10 DB BEAMWIDTHS IN DEGREES

Figure 4. E-and H-Plane 10-Db Beamwidths and Side-Lobe Level as a Function of ¥
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of the beamwidths over the frequency range. The
variation of the beamwidths is generally on the order

of + 8%.

The beamwidth and side-lobe level can be controlled a
to a considerable.extent by the design parameters a ,
B, ¢ and T . Figure 4 shows the variation of the

1008 BEAMWIDTHS IN DEGREES
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Figure 5. E-and H-Plane 10-db Beamwidths as a Function of a
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E- and H-plane beamwidths and side-lobe level as a
function of Y for several values of @ . For these
curves, 8 and T are held fixed at 10° and 0.707,
respectively. It will benoticed that the H-plane beam-
width decreases rapidly with increasing Yy and
decreasing a . The side-lobe level, shown only for
=67.5°, increases with increasing s . Figure 5
shows the variation of the E- and H-plane beamwidths
as a function of @ with y held fixed.
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Figure 6. Characteristic Impedance as a Function of

It will be noticed from these figures that the H-plane
10-db beamwidth can be easily controlled over the range
of 70° to 200° by the parameters a and . However,
it is evident that the E-plane beamwidth is quite insensi-
tive to these parameters since the variation is only from
90° to 110°. Although it has not been investigated thor-
oughly, some additional control of the E-plane beam-
width can be obtained with the parameters 4 and 7.

Because of their frequency independence, the pat-
tern characteristics of this log periodic feed are ideally
suited for feed applications with H-plane F/D ratios of
0.2 to 0.8 and E-plane F/D ratios of 0.45 to 0.65. For
larger F/D ratios a multielement array of log periodic
structures may be used.

Impedance Characteristics

If the input impedance of a log periodic antenna is
plotted on a Smith Chart over a frequency range of
several periods, it will be found that the locus forms a
circle with the center lying on the zero reactance line.
The characteristic impedance of the antenna is defined
as the geometric mean of the maximum and minimum
real values on the locus. The vswr referred to this
characteristic impedance is then simply equal to the
ratio of the maximum impedance to the characteristic
impedance.

The variation of the characteristic impedance and
vswr with the angles ¢ and ig illustrated in
figure 6. It will be noticed that the characteristic
impedance decreases as ¥ is decreased and «a is
increased. Except for very small values of i the
vswr is less than 2:1. For the ¥ values of most
interest, the characteristic impedance ranges from
approximately 100 to 200 ohms. Thus, it is
necessary to use a wide-band technique to match this
impedance to a coaxial or a balanced line. The tapered

line transformers 7. 8 are ideally suited for matching
this impedance over theoretically unlimited bandwidths.

When a matched feed is placed in front of a dish,
part of the radiated energy will be reflected from the
dish back into the feed. The magnitude of the reflection

coefficient due to the dish reflection is given by a%_)lﬁ

where g is the feed gain along the axis of the dish. For
a feed with optimum patterns for a dish with F/D = 0.5,
this formula implies that D/A\ should be greater than
four in order to keep the reflection coefficient less than
1/3 (vawr less than two). Although this mismatch can
be compensated for narrow band applications, no wide-
band compensation methods are available. Thus, it is
usually necessary to live with this additional mismatch
for wide-band applications.

In general, free space vswr's ranging from 1.5 to
2.0 may be expected with a log periodic feed. When
placed in front of a dish, the vswr will increase some-
what depending upon the focal length.

Phase Center

In general, the phase centers of a log periodic
antenna do not lie at the vertex or feed point. Rather,
they lie at a fixed electrical distance from the feed
point. This distance, as measured in wavelengths, is
approximately independent of frequency. This means
that if the frequency is changed, the phase center of the
feed will move relative to the feed point.

The effect of displacing the phase center from the
focal point along the dish axis is a quadratic phase
error in the dish aperture distribution. I A repre-
sents the displacement of the phase center from the
focal point, then the phase difference of the apperture
distribution between the center of the dish and the edge
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of the dish is given approximately by %\ (I -cos —2—) where
8 is the aperture angle of the dish. The maximum
value of this phase difference should be less than ap-
proximately\/8Wwhich produces a reduction in dish
gain® of approximately 0.25 db. For F/D = 0.5, this
maximum phase difference requires that the maximum
displacement of the phase center from the focal point
be less than \/3. Thus, it is desirable to design the
feed such that the phase center lies within A/3 of the
vertex if extreme bandwidths are to be achieved.

ELEMENT PHASE CENTER

“—ELEMENT PATTERN = COS u(e-%')

ARRAY PHASE CENTER

Figure 7. Co-ordinate System for the Derivation of
H-Plane Phase Center

The movement of the phase center with the design
parameters may be better understood by considering
the following simplified theory. Figure?7 is a schematic
diagram of the log periodic feed. The two lines sepa-
rated by the angle Yy represent the center lines of the
individual half structures. A basic characteristic of
each of the half structures is that they produce a uni-
directional pattern which points in the direction of the
element, as sketched in the figure. The distance from
the vertex of the half structure to the element E- or
H-plane phase center is given by d. Both the E- and
H-plane array phase centers will lie on the line bisect-
ing the angle { and at a distance # from the vertex.
In general, neither the E~ or H-plane element or array
phase centers will coincide, i.e., d and ¢ will have
different values for the E and H planes.

Consider first the array H-plane phase center. The
H-plane pattern of the array is given by

E=e] (Bl-ﬁd cos%) cose{cosu {6 + %,]ejﬁd sln-gnlnﬁ
4
~jBdsin sind
+ cosa (e_%p)e sin3 sin } "

where cosa (8 £y//2) represents the element pattern.
The constant a is determined by

T
20 @

where O is the half-power element beamwidth. A
simple investigation of the phase variation for small
angles of & leads to the following formula for the
distance of the array phase center from the antenna
vertex.

_)': =—;‘: [cos%{ - % sin%l tan—:—g‘k] @

It will be noticed that the array phase center always
lies in front of the line joining the two element phase
centers by an amount proportional to the second term
of equation (3). It also can be seen that the proper
choice of § and ¥ will make the H-plane array phase
center coincide with the vertex and that for Y = 180°,
the phase center will not lie at the vertex as one might
originally expect. This derivation neglects the effect
of the presence of one half structure upon the current
distribution and radiation pattern of the other half.
structure. Figure 8 is a comparison of the theoretical
and measured values of the H-plane phase center as a
function of Y for three values of @ . Notice that
fairly good agreement is obtained for @ = 45° and 90°,
but not for @ =67.5°.

or=45°
d4/2=.59
4 | 8=104°

oy 3 90°

MEAS.

—— i q

™ 8=134°

(783

c =67.5°
d/x=.28

‘\&AL- ©=145°

A:=10°
>=707

Figure 8. Comparison of Measured and Theoretical H-Plane Phase Center as a Function of yr
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Figure 9. Variation of E and H-Plane Phase Centers
with
Consider next the E-plane array phase center. If
the element E- and H-plane phase centers coincide, v =45°
then the array phase center should lie at a point midway f_:f;’o',

between the two element phase centers, which is at a
distance from the vertex given by

ylm&

cos Y @)

"
> |

If the element E- and H-plane phase centers do not
coincide, then the array phase center will lie at some
other point, which is a complex function of the element
pattern and phase centers. Figure 9 shows the varia-
tion of both the E- and H-plane phase centers with the
angle s for the same values of a as shown in figure 8.
Again, the phase centers for @ = 45° and 90° move as
expected, but for @ = 67.5° they move in a very
peculiar fashion, especially the 'E-plane phase center.

The variation of the E- and H-plane phase centers
with the angle @ for Y fixed at 45° is shown in figure
10, It will be noticed that the E-plane and H-plane
phase centers do not coincide and that the results are
again peculiar in that the curves do not decrease mono-
tonically as @ is increased.

Figure 11 shows the variation of the E-plane phase
center with frequency over a half period. Although all
of the structures exhibit some variation of phase center
(as measured in wavelengths) with frequency, the
results for a = 90° are an extreme case. The infor-
mation given in the previous figures is the average
phase center location over a half period.

It is apparent that the phase center characteristics
of log periodic antennas are not ideally suited for wide-
band feed applications because the E- and H-plane
phase centers do not coincide and the phase centers

)

oy

2 ]
\0/

Figure 10, Variation of E and H-Plane Phase Center
with a

move with frequency. However, the phase centers are
well-defined, and point source cone half angles of 45°
are easily achieved. Moreover, the distance of the
phase center from the vertex can be made less than
A\/2 which is satisfactory for most applications.

Feed For a Four-Foot Dish

The investigation of log periodic feeds was directed
toward the development of a feed for a four-foot dish
with F/D = 0.5 to cover the frequency range of 600 to
6000 mc. The final design parameters chosen are

a =60°, Q=10°, ¥ =45° T =0.707. The pattern
characteristics of this feed are E- and H-plane average
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Figure 11. Variation of E-Plane Phase Center with
Frequency Over a Half Period of Frequency

10-db beamwidths of 105° and 135° respectively, and an
average side-lobe level in the order of 15 db. The
patterns for this.feed are shown in figure 3. It should
be pointed out that the patterns for 600 and 5950 mc are
near the low and high cutoff frequencies for the feed.
Patterns over the major part of this frequency range
are similar to those for 2025 mec. The distance to the
E- and H-plane phase centers from the vertex are

approximately 0.3 and 0.2 of a wavelength respectively.

The desired 10-db beamwidth for the dish is about

105° (see figure 2). Thus, the H-plane beamwidths of
the feed are much larger than desired. When this feed
choice was made, it was thought that it would be better
to accept less taper in the H plane in order to obtain a
phase center as near the vertex as possible. Measure-
ments have indicated that it probably would have been
better to use a feed with @ =45° and accept the larger
phase center variation. Figure 12 is a picture of the
four-foot dish with the log periodic feed. The tripod
arrangement was constructed so that the location of the
feed could be adjusted to determine the effects of phase
center variation.

The variation of gain with feed placement is shown
in figure 13 for six different frequencies over the fre-
quency range of 600 to 6000 mc. The quantity A/F
represents the relative displacement of the feed along
the dish axis with the positive direction being toward
the dish. The point 0 corresponds to placing the feed
vertex at the focal point. For the various curves, the
diameter of the dish in wavelengths is given. For the

Figure 12. Four-Foot Dish with Log Periodic Feed
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Figure 13. Reflector Gain as a Function of Feed
Placement Over a 10:1 Frequency Range

lower curves, it is8 noticed that the gain varies in an
approximate sinusoidal fashion due to the effect of the
feed back lobe on the dish gain. It will be noticed that

if A/Fis set between 0 and 0. 025 that the loss in gain due
to variation of phase centers is less than 0.5 db over
the complete frequency range. The final results to be
given on the patterns and impedance are for the case of

A/F =0.025,

Secondary Pattern Characteristics

Logarithmic plots of the secondary pattern for the
four-foot dish are given in figure 14. Each radial
division equals 5 db. At the lowest frequency, where
the diameter of the dish is only 2.44 wavelengths, the
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Figure 14. Patterns over a 10:1 Frequency Range

side lobes and back radiation are quite high, as would
be expected. Figure 15 summarizes the gain, beam-

widths, and side-lobe level for this dish. The product
of the dish diameter in wavelengths times the half-

about 1.15 for the E plane and 1.09 for the H plane.
This may be compared to the case for uniform circular
aperture illumination for which this product is theo-
retically 1,02. The gain factor for the dish is on the
order of 0.75.

power beamwidths in radians has an average value of

LOG PERIODIC FEED
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Figure 15. Gain/Dipole, Beamwidths and Side Lobe Level
as A Function of Log f over a 10:1 Frequency Range
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It will be noticed that the H-plane side-lobe level
is higher than the E-plane side-lobe level which is
explained by the wider H-plane primary pattern beam-
width. For frequencies about 2000 mc it would be
expected that the E-plane side-lobe level should be 20
db or less. Possible causes for this discrepancy are
aperture blocking, back radiation from the feed, and
phase error in the aperture distribution.

Aperture Blocking

For operation over a 10:1 frequency range, the
feed is ten times larger in size than is required at the
high end of this range. Attempts were made to measure
the total absorption and scattering cross section of the
feed over this frequency range. The method used is
described in reference 9. It was found that the
measurements were quite difficult to perform accurately
because of the supporting structure required to hold the
feed in position. The measurements indicated roughly
that the total scattering and absorption cross section
was approximately equal to the physical cross section
of the feed regardless of the frequency. Since the
physical cross section of the feed is approximately
1/25 the area of the dish, the aperture blockingof the
feed should not cause more than a 2 or 3 db increase
in side-lobe level.

Primary Feed Construction

A close-up view of the sheet trapezoidal-tooth log
periodic antenna and the feed cable is shown in figure
16. For an upper frequency limit of 6000 mc, it is
quite difficult to bring in a coaxial line of appreciable
size along one of the half structures without distorting
the radiation patterns and input impedance at the high
end of the frequency range. Consequently, the tapered
line balun illustrated in figure 17 was used to feed the
structure. Briefly, this consists of a coaxial line with
the outer conductor gradually opening up in a prescribed
theoretical manner and finally tapered to form a
balanced line. Baluns of this type have been built to
cover frequency ranges of 50:1 with the vswr less than
1.3. The impedance at the balanced end of this tapered
line balun was adjusted to be 150 ohms for purposes of
matching the antenna over a wide frequency range.
Figure 18 shows the vswr at the input of a tapered line
balun for the feed in free space and in front of the dish.
The vswr is less than 2:1 over a large portion of the
10:1 frequency range and rises to 3:1 at only two points

FOUR FQOT DISH F/D=.5

."Aq"_"?\r"_""\""'? “'
: Lo sl

Figure 16. Log Periodic Feed with Tapered Line Balun

x'*MM |
Figure 17. Tapered Line Balun

over this range. The high vswr in the frequency range
near 800 mc is due to the reflections from the dish.

At this frequency, the dish diameter is less than four
wavelengths, which does not satisfy the condition
established in a previous section. The vswr could
possibly be improved considerably at the high end of
this frequency range by taking more care in the design
of the tapered line balun and front end of the feed.
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Conclusions

Log periodic antennas are well suited as extreme
bandwidth feeds for reflectors and lens. The impedance
characteristics are satisfactory for applications which
do not require vswr's less than 2:1. The movement of
the phase center with frequency produces only a small
degradation of the gain and side-lobe level. Independent
control of the E- and H-plane beamwidths allows the
design of feeds for a variety of reflector and lens shapes.
The H-plane beamwidth for a feed consisting of two half
structures may be varied over a wide range by chang-
ing the parameters @ and i . Although the E-plane
beamwidth is insensitive to these parameters, it may
be decreased easily for large F/D ratios by using a
multielement array.
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